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Abstract. Dormant and germinated maize (Zea mays L.) kernels of Pioneer 3195 corn hybrid naturally 
infected with Fusarium montlifurme, Aspergilius sp., Pf'nicitlium sp. and Trichuderma sp. were surface 
sterilized and examined by scanning electron microscopy (SEM). The pericarp epidermal cells were found 
to be covered by a waxy layer that was ruptured upon germination of corn kernels. Numerous fungal con
idia were observed lodged on or between the pericarp cells under a waxy layer adjacent to the silk 
remnant. Kernels dipped in a mixture (1: 1) of 1% NaOCI and 95% ethanol at 75°C for 30 sec. were freed 
from the seedborne fungi. The waxy layer over the pericarp cells in the silk scar area was completely 
removed exposing collapsed fungal conidia after the previous treatment. The pericarp wax over the 
embryo and other parts of the kernel was either unaffected, cracked, or slightly scorched by heat treat
ment. Treatment with either hot ethanol or hot NaDCI solution did not eliminate the seedborne fungi and 
the pericarp waxy layer was moderately affected. 

Introduction 

A high percentage of maize (Zea mays L.) kernels are naturally contaminated or 
infected with several fungal species [1-4]. Kernels arc externally contaminated with 
fungal propagules when infected stalks and leaves are crushed during mechanical 
harvest. Internal infection occurs during formation of corn kernels as a result of silk 
colonization by the pathogen and/or insect damage to the young tissues [2,3]. 

The number of seed borne fungi is commonly reduced but not eliminated by sur
face sterilization or hot water treatments [5-7]. The fungi isolated from maize kernels 
after surface sterilization are usually considered to represent pathogens that have 
colonized the internal tissues. 

Treatment of infected maize kernels with 50% ethanol in 0.1 % NaOel at vari~ 
ous temperatures and exposure times reduced but did not eliminate the seed borne 
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fungi l5,8J. However external and internal seed borne fungi, particularly Fusarium 
tnonilijorme Scheid., were eliminated when maize kernels when dipped in a mixture 
(1:1) of 1 % NaOcl and 95% ethanol at 75°C for 30 sec. without affecting the viability 
of the seeds or seedlings [5,9]. 

The purpose of this study was to examine the effect of ethanol, sodium hypo
chlorite and heat treatments on the peri carp of corn kernel and associated fungi by 
scanning electron microscopy. 

Materials and Methods 
A seed lot of Pioneer 3195 corn hybrid, supplied hy Pioneer Hi-Bred Interna

tional Inc., Johnston, Iowa, U.S.A., with a high percentage (50%) of infection with 
F. moniliforme was selected for this study [R[. 

Treatments 
Maize kernels were subjected to the following treatments under aseptic condi

tion in a laminar flow hood:l- Not treated (control); 2- treated with 1% NaOel for 
2 min. then germinated under aseptic conditions for 72 hr; 3- soaked in a mixture 
(J: I) of 1% NaOCI and 95% ethanol at 75°C for 30 sec. (SET); 4- soaked in 0.5% 
NaOCI at 75°C for 30 sec., 5- soaked in 50% ethanol at 75°C for 30 sec. 

Test for viable fungi 
Seed samples from the various treatments were rinsed with sterile water" cut in 

half and Plated on acid potato dextrose agar pH 5 (APDA) and Komada media [IOJ. 
One hundred kernels from each treatment (fifty kernels/medium and 10 seeds/plate) 
were tested. Plates were incubated at room temperature for 7-10 days until seed
borne fungi were ready for examination. 

Preparation for SEM 

In a laminar flow hood, corn kernels from the various treatments were cut in half 
and fixed in a mixture of formalin, acetic acid. and 50% ethanol (5:5:90) (FAA) for 
72 hr. The kernel halves were then dehydrated in a graded series of ethanol in water: 
50,60,70,80,95, and lOO% for 1 hr each. The samples were critical point dried in a 
pressure bomh. The samples were mounted on stainless steel stubs and coated with 
gold on a sputter coater (Polar Instruments Inc., Doylestown, PAl with gold, then 
viewed on a JOEL 15 M-35 scanning electron microscope. 

Results 

Viability of fungi 
In spite of surface sterilization with I (Yo NaGel for 2 min. the kernels ofPionCCf 

3195 were still infested with F. moniliforme, Aspergillus sp., Trichoderma sp. and 
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Penicillium sp. at rate of 50, 23, 9 and 8%, respectively. However corn kernels 
treated with a mixture of NaOCI and ethanol at 75°C for 30 sec. were free from any 
seedborne fungi. Whereas, corn kernels treated with 0.5% NaOC1 or 50% ethanol 
at 75°C for 30 sec. were infected with F. miniliforme, Aspergillus sp. and Penicillium 
sp. at 23. 13 and 0.5% respectively. 

SEM 
SEM examination of the pericarp of untreated corn kernels showed the silk 

remnant attached to the base of the kernel and a large opening adjacent to the silk 
remnant (Plate1, Fig. 1). A roughened surface of the pericarp cells adjacent to thc 
silk remnant was also observed (Plate I, Fig. I). The kernel pericarp cells were 
covered with smooth unbroken layer (Plate 1, Fig. 2). Upon germinating corn ker
nels for 24 hr, the smooth layer over the pericarp was ruptured and many fungal con
idia appearcd lodged between the folds of peri carp cells (Plate I, Fig. 3). Fungal con
idia were also observed at the opening (Plate I, Fig. 4). Lemon shaped (3.2 X 4.8 
J..tm) fungal conidia with rough surfaces were found in large numbers around the silk 
scar area on or under the waxy layer of the germinated seed (Plate I, Figs. 5 & Ii). 

Chains of microconidia of F. moniliforme, developed from infected corn kernels 
were examined with SEM. The microconidia were 2-4 x 5-7 p. with rough surfaces 
(Plate 2, Fig. 7). Similar microconidia were observed lodged on the surface of the 
waxy layer over the embryo of dry kernels (Plate 2, Fig. 8). Cracks that were wide 
enough to accommodate fungal spores also were observed on the surface of dry ker
nels (Plate 2, Fig. 8). However, these cracks might have been formed during the 
preparation for SEM examination. Fungal spores similar to microconidia of F. 
moniliforme were also observed between the pericarp cells after the rupturing of the 
waxy layer at germination of corn kernels (Plate 2, Fig. 9). Other unidentified con
idia were seen germinating between peri carp cells 72 hr after seed germination (Plate 
2, Fig. 10). Fungal mycelia were also observed on the surface of periearp cells of ker
nel germinated for 72 hr (Plate 2, Fig. II). Chains of microconidia (1.7 x 2.6 /Lm) 
(Penicillium sp.7) were observed germinating on the pericarp cells near the scar of 
germinated kernels (72 hr) (Plate 2, Fig. 12). 

Treating corn kernels with SET method caused the removal of the waxy layer 
from the pericarp in the silk scar area, thus fungal spores appeared collapsed on the 
naked cell walls of pericarp cells (Plate 3, Figs. 13 & 14). The waxy layer over the 
pericarp cells were partially removed by treating kernels with 50% ethanol at 7SOC 
for 30 sec. (Plate 3, Figs. 15 & 16). Soaking kernels in 0.5% NaOCl at 75°C for 30 sec. 
had very little effect on the surface of the waxy layer on the pericarp (Plate 3, Figs. 
17 & 18). Plate 4, Figs 19-24 show the effect of SET treatment on the waxy layer at 
various locations of the kernel surface. The wax was completely removed from the 
silk scar area exposing the rough surfaces of peri carp spherical cells (Plate 4, Fig. 19). 
At a location 2 mm from the micropyle, the waxy layer was partially removed and the 
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peri carp cells appeared elongated (Plate 4, Fig. 20). The wax over the central parts 
of the kernel endosperm and near the pedicel was only cracked or scorched (Plate 4, 
Figs. 21 & 22 & 23). The waxy layer over the embryo was apparently not affected by 
SET treatment and showed a distinct wavy pattern (Plate 4, Fig. 24). 

The internal tissues of several corn kernels were examined with SEM. Physical 
evidence of internal fungal structures were not observed in this study. 

Discussion 

Isolation of fungi from surface sterilized corn kernels has been reported fre
quently [4,6,11]. The internal presence of seedborne fungi is easily recognized by 
plating surface sterilized corn seeds on nutrient media, but the location of infection 
has not been easily found. Attempts to observe internal fungal infection of corn ker
nel with SEM were rare and unsuccessful [12]. 

The present work revealed the presence of conidia belonging to 3 or 4 fungal 
species on surface sterilized corn kernels over and beneath the pericarp waxy layer. 
Two of these fungal spores resembled F. Moniliforme and Penicilium sp .. The sur
faces of pedical pericarp cells were externally contaminated with fungal conidia. In 
similar study, Aspergillus flavus was observed to colonize and sporulate on corn silk 
surfaces [13]. 

A significant finding of our work was the observation of numerous fungal con
idia under the waxy layer in the silk scar area. It is assumed that the silk was colonized 
with these fungi and conidia were deposited around the base of the silk over the form
ing corn pericarp. 

These conidia were covered with soft wax at later stages of kernel maturation. 
Therefore, the fungal conidia remained protected from surface treatments. The ger
mination of these conidia was also observed when corn seeds were germinated. The 
nature of the observed opening near the silk scar and its role in harboring fungal 
spores is not known. 

The waxy layer in various parts over the pericarp of corn kernel appeared 
heterogeneous. This was concluded from examination of the wax surface after treat
ment with SET method. The wax over the embryo pericarp was barely affected by 
the treatments, whereas the micropyle area was completely removed, and associated 
fungal spores were collapsed. Using hot ethanol or NaOel alone did not eliminate all 
seed borne fungi and the waxy layer was slightly affected. This suggests a role of the 
waxy layer in protecting seedborne fungi. 
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Plate I. Scanning electronmicrograph of untreated Pioneer 3195 corn kernels showing: 

Fig. 1. The surface or the pericarp, silk remnant (s) and a large opening (m) at the base (opposite side of 
the pedical) of a dormant kernel. 

Fig. 2. The surface of pericarp cells in the silk scar area (x 1000). 

Fig. 3. An opening (m) near the silk scar of germinated (24 hr) corn seed and disruption orthe waxy layer 
IW) Ix 100). 

Fig. 4. Higher magnification of the pericarp of germinated corn kernels showing fungal spores (arrow) at 
the opening (m) and waxy materials (w) (X 1000). 

Fig. 5. Pericarp cells near the micropyle and silk scar areas of germinated kernel showing fungal spores 
(arrows) lodged between pericarp epidermal cells (x 1000). 

Fig. 6. Higher magnificalion of pericarp cells (c) of germinated kernels and an unidentified fungal spore 
(arrow) belween two cells (X 50(0). 
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Plate 2. Fungal spores associated with Pioneer 3195 corn kernels: 

Fig. 7. Microconidia of Fusarium moniJjforme forming on corn kernels plated on media (X 5000). 

Fig. 8. Microconidia of F. moniliforme (arrows) lodged over the embryo near a crack in the dry kernel 
(X 5000). 

Fig. 9. F. moniliforme microconidium (arrow) between two pericarp cells near the silk scar area of germi
nated (24 hr) kernel (X 5000). 

Fig. 10. Germinating fungal spore and formation of germ tubes (arrows) between pericarp cells of germi
nated (48 hr) kernels (X 5000). 

Fig. II. Fungal hypha (arrow) growing over the surface of germinated kernel (72 hr). 

Fig. 12. Chains of fungal conidia and formation of germ tube (arrow) over the surface of pericarp cells 
adjacent to silk scar area of germinated kernel (48 hr). 
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Plate 3. Effect of SET and other surface sterilization treatments on the surface 01' pioneer 3195 pericarp. 

Fig. 13. Removal or the waxy layer from the pericarp cells in the silk scar area and collapse offungal spores 
(arrows) after kernels were treated with a mixture (1 :1) of 1% NaOCI and 95% ethanol at 75°C 
for 30 sec. (SET) (X 1000). 

Fig. 14. Higher magnification from Fig 13 showing naked cell w~ll of pericarp epidermal cells (e) and col
lapsed fungal spores (arrows) (X 5000). 

Fig. IS. The surface of perkarp after treatment with 50% ethanol, at 7SXC, for 30 sec. showing partial 
removal of the waxy layer (W) and embedded fungal spores (arrows) (X 1000). 

Fig. 16. Higher magnification of peri carp in Fig. 15 showing the partial removal of the waxy layer (W) and 
embedded fungal spores (al"l"ow) and pericarp cells (e) (x 5000). 

Fig. 17. Surface of pcricarp cells treated with 0.5% NaOel solution at 75"e for 30 sec. showing minor 
change in the surface of pericarp waxy layer (X 1000). 

Fig. 18. Higher magnification ofpericarp surface in Fig. 17 showing the surface of the waxy layer over Ihe 
pericarp cells (X 5(00). 
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Plate 4. Effect of heating pioneer 3195 seeds with a mixture (1:1) of 1 % NaOCI and 95% ethanol at 75°C 
for 30 sec. on the waxy layer over the pericarp. 

Fig. 19. Surface of pericarp near the micropyle and silk scar area showing complete removal of the waxy 
layer and collapsed fungal spores (arrows) (" 1000). 

Fig. 20. Pericarp cells over the endosperm at area located 2 mm from the micropyle showing the partial 
removal of the waxy layer (0 1(00). 

Fig. 21, 22 and 23. The waxy layer over the pericarp cells in center of opposite side of the embryo, side and 
near the pedical of corn kernel respectively. showing cracking but not removal of the wax (x 
1000). 

Fig.24. The pericarp cells over the embryo with the waxy layer unaffected by heat treatment (X 1000). 
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